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Abstract: The objective of our research was to study the effects of growing area on polyphenolic composition and antioxidant capacity on sage 
leaves extracts (Salvia officinalis L.). The evaluation considered naturally growing sage, indigenous to the Mediterranean part of Croatia, 
specifically from Pag, Pirovac, Brač and Lošinj areas. The results indicate that sage is rich with polyphenols, which show evident antioxidant 
capacity. Variations of total phenolic contents and their composition, as well as antioxidant capacity between sage extracts grown at the various 
growing area, were significant (p ≤ 0.05). Rosmarinic acid (2460–3844 mg/100g) and lutolin-3-glucuronide (634–840 mg/100g) were found to 
be the main polyphenols in sage leaves studied. A significant correlation between total phenols, particularly the most representative phenolic 
compound rosmarinic acid and luteolin-3-glucuronide, was verified. Principal component analyses (PCA) indicates that the composition of 
polyphenols in sage has no significant deviation. Nevertheless, the content of polyphenols differed depending on the location direction of the 
growing area and environmental factors. 
 






AGE (Salvia officinalis L.) is one of the most important 
aromatic plants, cultivated worldwide for its rich 
flavour, taste and biological properties as a source of 
secondary metabolites, including polyphenols and ter-
penes, which are economically important.[1–4] The sage 
polyphenols are considered a source of natural antio-
xidants for the food and cosmetic industries, and have a 
greater benefit in comparison to synthetic ones because of 
their natural origin.[5] Salvia officinalis L. is native and 
widely distributed in the Mediterranean region and grows 
naturally throughout the Croatian cost as a wild culture. 
Previous reports confirmed that high-quality sage can be 
obtained from Dalmatian growing areas.[6–8] 
 Numerous biological activities of sage are ascribed to 
complex mixtures of compounds belonging to diverse 
chemical families, including phenolic compounds with 
antioxidant activity, such as flavonoids, lignans and 
stilbenes, and simple phenolic acids, such as hy-
droxybenzoic and hydroxycinnamic acids.[8–10] The 
presence of different phenolic acids (e.g. caffeic acid 
derivates and its oligomers, gallic, p-OH-benzoic, p-
coumaric, syringic, vanillic and chlorogenic acids), as well as 
flavonoids as flavones (e.g. apigenin and luteolin glycosides 
and their corresponding constitute; 7-glycoside, 7-
glucuronide, 3-glucuronide, 6-hydroxyluteolin-7-glucoside) 
have already been confirmed in sage.[10–13] The high 
content of polyphenols in sage is the result of good 
antioxidant properties and potential cumulative and 
synergistic effects of the diversity of major and minor 
phenolic components.[4] The main antioxidant effect has 
been attributed to the presence of caffeic acid derivates 
and its oligomers, such as rosmarinic acid and flavones 
(glycosides of apigenin and luteolin). Besides antioxidant 
properties of the sage polyphenols, numerous researches 
have been devoted to their antifungal, antitumor, 
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It should be noted that, commercially, the quality of a sage 
extract is highly dependent on the amount of rosmarinic 
acid and their derivatives,[15] which is generally the most 
abundant phenolic compound in sage.[11,16] 
 Several researchers[2,17,18] considered that the 
phenolic content of a plant depends on different 
conditions, such as cultivation area, climatic conditions, 
harvest year, vegetation phase, genetic modifications, 
countries and geographical zones. Factors like human 
disturbance, herbivores pressure, competing plants, post 
harvesting treatments (dryness, distillation), as well as 
genetic outfits, affect the polyphenol production and 
composition and influence antioxidant performance. The 
accumulation of phenolics could be considered as a 
protective mechanism of plants against a hostile 
environment, or could occur as a response to the oxidative 
stress generated by the formation of reactive oxygen 
species in severe environment conditions (salinity, high 
temperature and drought).[4] Except environmental 
conditions, genetic control is the primary factor in 
determining the amount of phenols in plant. The amounts 
of polyphenols in Thymus species planted on the same 
locality in Hungary vary due to different genetic features.[19] 
The variation in amounts of individual phenols in Salvia 
species is affected by the instability of some phenolic 
compounds influenced by different environmental factors. 
A similar phenolic profile was observed within each studied 
Salvia species, where estimated concentrations of the 
majority of identified compounds varied significantly 
according to the gowning area.[3] Besides harvesting year, 
it has been observed that different times of day when sage 
is harvested also have an influence on the phenolic 
composition and antioxidant activity of the sage. Other 
factors such as phenological stages and phenophase in 
which the leaves were collected make a significant 
difference to the phenolic composition of sage extracts 
and, consequently, their biological activity. Also, the 
phenolic accumulation detected during plant fruiting was 
concomitant with the temperature increase in the 
harvesting experimental field. Furthermore, different 
quantitative distribution of phenolic compounds in Salvia 
species was detected across various geographic areas.[3] 
Therefore, the highest biological potential of sage could 
be achieved through selection of breeding areas of wild 
sage and by defining optimal growing conditions for 
cultivated sage. 
 In this study, sage leaves from four geographical 
areas were analysed in order to acquire total and 
individual phenolic compounds, as well as their 
antioxidant capacity, and to evaluate the significance of 
changes as a result of geographic origin and 
environmental factors. Data was analysed using Principal 
Component Analysis (PCA). Therefore, the main aim of 
this research was to determine the effect of the different 
growing areas (Pag, Pirovac, Brač and Lošinj) in Croatia on 
the composition and content of phenolic compounds 





Ethanol, sodium carbonate and sodium nitrite were 
purchased from Gram–mol (Croatia). Folin Ciocolateu 
reagents, apigenin-7-glucoside, luteolin-3-glucoside, ros-
marinic, caffeic, gallic, vanillic and siringinic acid were 
purchased from Sigma (Steinheim, Germany). Methanol 
(HPLC grade) was purchased from J. T. Baker (Holand). 
Plant Material 
The leaves of wild Dalmatian sage (Salvia officinalis L.) were 
collected at the four wild field sites in the Mediterranean 
region of Croatia. The sage was harvested in the same time 
of day, in the evening. The fields were located in four 
different parts of Croatian coast, from north to south 
(Lošinj, Pag, Pirovac, Brač). The plant material was dried 
immediately after harvesting. Then, the dry plant materials 
were packed in polyethylene bags and kept in a dark, dry 
and cool place. Before being used, the plant material was 
crushed using house blender (Mixy, Zepter International) 
and then used for extraction. 
Climatic Data 
Climatic data in the growing area was provided by the 
weather station DHMZ (Meteorological and Hydrological 
Service of Croatia, DHMZ) and were recorded daily at the 
weather station in Mali Lošinj, Pag, Šibenik and Brač. PCA 
analysis is based on the daily average maximum and 
minimum temperatures and mean daily rainfall through the 
month detected in observed year. 
Extraction Procedure 
1 g of crushed dried sage leaves was extracted with 20 mL 
of 30 % aqueous ethanol solvent (v/v). Extraction was 
performed at 60 oC in a water bath (Memmert WB14, 
SV1422, Schwabach, Germany) for 30 minutes. The extracts 
were filtered through Whatman No. 40 filter paper 
(Whatman International Ltd., Kent UK) using a Buchner 
funnel, and filtrates were adjusted to 25 mL in a volumetric 
flask with extract solvent. Obtained polyphenolic extracts 
were used for determination of total polyphenols (TP), total 
flavonoids (FL) and antioxidant capacity (AOC) spectro-
photometrically and individual polyphenols using HPLC 
coupled with UV/VIS PDA detector. The extracts were 
stored at −18 oC until analyses (no more than 7 days). Each 
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Total Polyphenols (TP) 
Determination of total polyphenols was done according to 
a Folin–Ciocolateu colorimetric method as described in 
Singleton and Rossi.[20] The extract was appropriate diluted 
and then oxidized with 1.25 mL freshly diluted 0.2 M Folin-
Ciocalteu reagent. This reaction was neutralized by adding 
3.75 mL of saturated sodium carbonate solution. After 30 
min incubation in a water bath at 50 °C, absorbance 
readings were performed at 765 nm using a UV-VIS 
spectrophotometer (UV, UNICAM HELIOS β). Quantifi-
cation of TP was made by using a calibration curve of the 
rosmarinic acid, which was prepared by the diluting stock 
standard in methanol solvent to yield 50 to 500 mg/L. The 
results were calculated according to calibration curves for 
rosmarinic acid and the TP mass fraction, derived from 
triplicate analyses and expressed as mg equivalent of 
rosmarinic acid (RAE) per 100 g dry matter. Values were 
expressed as means (n = 3) ± standard deviations (S.D.). 
Total Flavonoids 
Total flavonoids of the extracts were measured using a 
colorimetric assay with aluminium chloride developed by 
Zhishen et al.[21] 1 mL of the sage extract was added to a 10 
mL volumetric flask. Distilled water was added to make a 
volume of 4 mL. At zero time, 0.3 mL of 5 % (w/v) sodium 
nitrite was added to the flask. After 5 min, 3 mL of 10 % 
(w/v) aluminium chloride and then after 6 min, 2 mL of 1 M 
sodium hydroxide were added to the mixture and filled 
with distilled water up to 10 mL. Finally, a 10 mL aliquot was 
taken, centrifuged for 10 min, and assayed for total 
flavonoids. Absorbance readings were performed using a 
UV-VIS spectrophotometer (UV, UNICAM HELIOS β) at 510 
nm. Quantification of total flavonoids was made by using 
the calibration curve of rutin, which was prepared by 
diluting stock standard with methanol solvent to yield 50 to 
250 mg per 100 mL of flavonoids. Flavonoid content was 
expressed as mg equivalent of rutin (RE) per 100 g dry 
matter, derived from triplicate analyses. Values were 
expressed as means (n = 3) ± standard deviations (S.D.). 
DPPH Scavenging Capacity 
Antioxidant capacity of sage extracts was evaluated 
according to the DPPH (2,2'-diphenyl-1-picrylhydrazyl) free 
radical scavenging method to Brand-Williams.[22] 1 mL of 
phenolic extracts was added to 1 mL of DPPH methanolic 
solution (0.5 mM) and 3 mL of methanol. The mixture was 
shaken vigorously and allowed to stand at room 
temperature in the dark for 20 minutes. Absorbance at 517 
nm was measured using a spectrophotometer (UV, 
UNICAM HELIOS β) using methanol as a blank. Trolox (6-
hydroxy-2,5,7,8-tri-methyl-chroman-2-carboxylic acid) was 
used to prepare the calibration curve. Antioxidant capacity 
was expressed as μmol Trolox equivalents per 100 g dry 
matter of sage. All determinations were performed in 
triplicate. Values were expressed as means (n = 3) ± 
standard deviations (S.D.). 
Feric Reducing Antioxidant Power (FRAP) 
The FRAP assay was carried out as described by Connor et 
al.[23] The FRAP reagent was freshly prepared by mixing 300 
mM sodium acetate in distilled water pH 3.6, 20 mM 
FeCl3·6H2O in distilled water and 10 mM 2,4,6-tri(2-pyridyl)-
s-triazine (TPTZ) in 40 mM HCl in the proportion of 10:1:1. 
An aliquot of 80 μL of sample (with appropriate dilution) 
was added to 2080 μL of FRAP reagent. The absorbance of 
the resulting solution was measured at 595 nm using a 
spectrophotometer (UV, UNICAM HELIOS β) after 5 min 
incubation at 37 °C. The measurement was performed in 
triplicate. Fresh working solution of 20 mM FeSO4·7H2O 
were used for calibration curve. FRAP values were 
expressed as μmol Fe2+/100g dry matter of sage. Values 
were expressed as means (n = 3) ± standard deviations 
(S.D.). 
HPLC UV-PDA Analysis 
Individual phenolic compounds of sage were determined 
by HPLC using a Varian ProStar System (Varian Inc., Palo 
Alto, CA, USA) equipped with a ProStar Solvent Delivery 
Module 230, Injector Rheodyne 7125, ProStar 330 UV/VIS 
photo diode array detector. Chromatographic separation 
was performed on a reverse-phase Zorbax ODS C18 column 
(4.6 mm x 250 mm, 5 µm particle size) including Zorbax ODS 
C18 guard column (10 mm x 4.6 mm, 5 µm particle size) 
(Agilent Technologies, Palo Alto, CA, USA). The composition 
of solvents and gradient elution conditions had previously 
been described Dent et al.[5] The following gradient of 
mobile phase A (3 % formic acid in acetonitrile) and mobile 
phase B (3 % formic acid in water) was used for the 
separation of polyphenols: commencing with 10 % A in B, 
rising to 40 % A after 25 min, then to 70 % A after 30 min 
and then to 10 % A after 35 min. The flow rate was set to 
0.9 mL/min. Operating conditions were as follows: column 
temperature, 20 °C, injection volume, 20 µL. Before 
injection, extracts were filtered through 0.45 µL Nylon 
Membrane filter (Supelco, USA). Detection was performed 
with UV-PDA detector by scanning from 278 to 360 nm. 
Identification of phenolic compounds in sage was made by 
comparison of retention times (Rt), peak areas and UV 
spectra with those of authentic standards. Quantitative 
determinations were carried out using calibration curves of 
the standards. Phenolic acids (rosmarinic, caffeic, vanilic 
and siringinic acid) and flavonoids (luteolin-3-glucoside and 
apigenin-7-glucoside) were used as standards. Calibration 
curve of the phenolic acids and flavonoids standards were 
made by diluting stock standards (concentration 0.5-2 
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results were calculated according to calibration curves of 
the phenolic acids and flavonoids, and mass fraction, 
derived from triplicate analyses and were expressed as mg 
phenolic acids or flavonoids equivalent per 100 g dry 
matter. Values were expressed as means (n = 3) ± standard 
deviations (S.D.). Salvianolic K and salvianolic I acid, methyl 
rosmarinate were quantified as the equivalent of 
rosmarinic acid. 6-hydroksyluteolin-7-glucoside, luteolin-7-
glucuronide and luteolin-3-glucuronide were quantified as 
the equivalent of luteolin-3-glucoside and apigenin-7-
glucuronide as the equivalent of apigenin-7-glucoside. 
Statistical Analysis 
The experimental data was subjected to analysis of 
variance (ANOVA) using “Statistica” 10.0 software. Tukey's 
HSD was used to determine whether there are any 
significant differences between means (post-hoc); p values 
less than 0.05 were considered statistically significant. 
Multivariate technique – Principal Component Analyses 
(PCA) was performed using “Statistica” 10.0 software. 
Synergistic influence of observed parameters is 
represented with 2D graphs. Arranged score plot is 
presented in for four different areas. 
 
RESULTS AND DISCUSSION 
The obtained results shown in Table 1 indicate a variation 
in polyphenols of sage (Salvia officinalis L.) growing wild in 
different areas. The differences are, apparently, related to 
the distinct habitats where the plants are grown and to 
their genetic outfits. The differences in the mass fraction of 
polyphenols could be related to the impact of climate and 
ecological characteristics, geographical coordinates, soil 
with aerial parts of the plants, and time of harvest.[2] 
Similarly, the mass fraction of phenolic compounds in sage 
cultivated in different countries varied like those in Finland 
(166 mg/g),[24] Tunisia (158.79, 161.37 mg/g)[3] and Greece 
(63.7 mg to 144 mg/g),[25] all of which corresponds with our 
results. The Mediterranean part of the Republic of Croatia 
has a mild Mediterranean climate. The geographical area of 
Lošinj, with the highest measured mass fraction of 
polyphenols, proved to be the area with the least 
fluctuation in average daily temperature and with a small 
amount of rainfall throughout the year. Polyphenols seem 
to be very sensitive to environmental and climatic 
conditions. Weather conditions reflected the specific 
orographic position (distance from the sea, elevation above 
the sea level, number of sunny days, exposure to the wind). 
Stress factors such as drought, salinity, cold, soil 
characteristic etc. may increase secondary metabolites 
synthesis in plants and could have caused a decrease in 
phenolic content for the growing area.[26] Total phenolic 
content of sage extracts was found to be in a range of 
5502.50 to 7787.50 mg/100 g dm, with lowest amounts 
measured in samples from Pirovac and highest amounts 
from those in Lošinj. As it can be seen, significant 
differences (p ≤ 0.05) in the mass fraction of total phenols 
were observed among the growing areas. The flavonoid 
contents of sage extracts ranged between 1119.50 to 
1905.50 mg/100 g dm, depending on the growing area. The 
highest flavonoid content was found in the growing area of 
Pag, while in other areas (Pirovac, Lošinj and Brač) it was 
observed in lower content (p ≤ 0.05). From the obtained 
results it can be see that growing areas (Pag, Pirovac and 
Lošinj) showed significant differences between themselves, 
but only the growing area of Brač indicated a significant 
impact on a lower mass fraction of flavonoids (p ≤ 0.05). 
According to these results, we can conclude that mass 
fraction of total phenols was considerably more affected by 
the growing area in relation to flavonoids in sage. PCA 
showed the variability among the mass fraction of total 
phenols and flavonoids to the weather data (average 
temperature and rainfall) of the different growing area. 
Obtained results are represented with 98.94 % of the sum 
of variance (85.53 % and 13.41 % resp. Figure 1). It can be 
seen that temperatures between 14.81–15.79 °C and 
rainfalls between 68.47–75.62 mm have a significant 
influence on the mass fraction of observed compounds at 
the island of Lošinj area. Flavonoids content is significantly 
increased in the direction of island Pag (Figure 1). 
Table 1. Total phenols, total flavonoids and the most represented phenolic acid and flavonoid in the sage extracts from the 
leaves naturally growing in Mediterranean part of the Republic of Croatia. Results are expressed as mg/100 g dm 
Phenolics ω(Total phenols)/ 
(mg RA/100g dm) 
ω(Flavonoids)/ 










Growing area       
Pag 6384.00±21.21 a 1905.50±26.16 a 3474.00±19.80 a 776.00±16.97 a 173.48±0.42 a 562.68± 13.87 a 
Pirovac 5502.00±14.44 b 1835.00±42.43 a 2571.00±2.83 b 642.50±13.44 b 170.46± 0.34 a 457.23± 2.66 a 
Brač 5514.50±144.96 b 1199.50±19.09 b 2460.00±7.07 c 634.50±38.89 b 170.92± 1.35 a 425.81± 23.40 a 
Lošinj 7787.50±389.62 c 1797.50±23.33 a 3844.00±26.87 d 840.00±26.87 a 175.46± 0.42 a 604.06± 9.60 a 
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 The phenolic profile of wild Dalmatian sage (Salvia 
officinalis L.) is shown in Table 2. The data has enabled the 
identification of thirteen phenolic compounds and their 
glycosides in all sage extracts, including seven phenolic 
acids (vanilic, caffeic, syringic, rosmarinic, salvianolic K, I 
acids, methyl rosmarinate) and six flavonoids (6-hy-
droxyluteolin-7-glucoside, luteolin and their 7-glucu-
ronide, 3-glucuronide, 7-glucoside; apigenin and their 7-
glucuronide and 7-glucoside). There were no differences in 
the composition of phenolic acids and flavone glycosides 
depending on the growing area, while a significant 
difference was found in the amounts of polyphenols. As 
seen in other relevant literature,[2,4,7,12,27] the phenolic 
compounds reported in this study were previously 
identified in several Salvia species. The caffeic acid dimmer, 
rosmarinic acid is, generally, the most abundant phenolic 
compound in Lamiaceae.[12] Among the identified phenolic 
compounds, rosmarinic acid was present in the largest 
amounts in sage extracts for all four growing areas, in a 
mass fraction range from 2460 to 3844 mg/100 g dm. Mass 
fraction of rosmarinic acid in total acid content in all 
Dalmatian wild sage leaf extracts ranged from 91.83 % to 
94.40 %, which corresponds with results from other 
authors who reported similar ranges (94.54 % to 
98.38 %).[7] Samples collected in Lošinj (3844 mg/100g dm) 
showed the highest mass fraction of rosmarinic acid. 
However, those collected in Brač (2460 mg/100g dm) were 
characterized by the lowest mass fraction. Growing area 
showed a significant impact on mass fraction of rosmarinic 
acid as an abundant phenolic compound in sage extracts 
the highest amount measured was found in samples 
obtained in Lošinj, while a slightly lower amount was found 
in those obtained in Brač (p ≤ 0.05) (Table 1). PCA showed 
significant variability in the mass fraction of rosmarinic acid 
depending on the growing area. Obtained results are 











Figure 1. PCA loading plot and score plot of the different growing areas of sage (Salvia officinalis L.) (a) based on the average 
daily temperature (b) and sum of rainfall (c) based on common phenolic composition (total phenols, flavonoids, rosmarinic acid 
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and 35.83 % resp. Figure 2). It can be seen that growing area 
has a significant influence on the mass fraction of phenolic 
acids, especially rosmarinic acid and other caffeic dimer 
acids (salvianolic K acid and methyl rosmarinat) at the area 
of island Lošinj (Figure 2). 
 These results agreed with data reported by others 
who also determined the rosmarinic acid in sage in similar 
amounts. Generalić et al.[6] detected rosmarinic acid in 
Dalmatian sage (6109 to 19.347 mg/L), Koşar et al.[27] (97.9 
mg/g) in sage harvested in Finland, and Pizzale et al.[28] 
(21.9 to 81.8 mg/g) in sage harvested at different locations 
within northern Italy, by using methanol as the extraction 
solvent. The proportion of other phenolic acids was 
significantly smaller than that of rosmarinic, in the following 
order: syringic>salvianolic K>caffeic>vanilic>salvianolic I. 
After the quantitative analysis, we have established that 
the occurrence of rosmarinic acid was general, with rather 
low variability between growing areas. According to these 
results, we can say that the mass fraction of rosmarinic acid 
was much more affected by the growing area in relation to 
Table 2. Phenolic composition identified in the sage extracts from the leaves naturally growing in Mediterranean part of the 
Republic of Croatia. Contents of polyphenols are expressed as milligrams per 100 g dry matter of sage 
Growing area Pag Pirovac Brač Lošinj 
ω(Phenolics)/(mg/100g dm)     
Phenolic acids     
Vanilic acid 29.04±3.80 36.15±3.42 22.10±3.74 29.31±6.16 
Caffeic acid 31.51±2.76 24.45±3.02 37.62±2.03 31.08±2.99 
Syringic acid 64.30±1.78 97.12±1.63 74.19±10.99 111.47±10.56 
Rosmarinic acid 3474.00±19.80 2571.00±2.83 2460.00±7.07 3844.00±26.87 
Salvianolic K acid 47.50±4.25 43.52±12.59 46.42±4.78 54.18±1.25 
Salvianolic I acid 22.28±2.41 15.32±12.44 20.56±8.89 12.17±1.78 
Methyl rosmarinat 12.32±7.98 15.48±9.95 20.12±10.12 28.29±1.60 
Flavonoids     
6-Hydroxsyluteolin-7-glucoside 169.29±10.89 158.90±15.82 174.54±10.74 200.17±13.16 
Luteolin-7-glucuronide 365.21±20.01 148.55±12.96 416.25±11.55 348.71±3.80 
Luteolin-7-glucoside 127.78±12.78 154.26±1.01 216.56±10.71 232.42±11.98 
Luteolin-3-glucuronide 776.00±16.97 642.50±13.44 634.50±38.89 840.00±26.87 
Apigenin-7-glucuronide 111.10±1.63 167.55±10.74 101.10±5.89 122.52±7.79 







Figure 2. PCA loading plot and score plot of the different growing areas of sage (Salvia officinalis L.) (a) based on common 
phenolic acids (vanilic acid, caffeic acid, syringic acid, rosmarinic acid, salvianolic K acid, salvianolic I acid and methyl 
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the mass fraction of other phenolic acids in sage. Research 
results are in accordance with literature data, stating that 
caffeic acid plays a central role in the biochemistry of 
Lamiaceae, while free caffeic acid was lower compared to 
syringic and rosmarinic acid.[7,12] Except phenolic acid, wild 
Dalmatian sage also contained a wide range of flavonoids 
in the range from 20.07 % to 29.06 %, depending on the 
growing area. A similar content of flavonoids in sage was 
obtained in the range from 22 % to 40 % during the year, 
depending on phenophase.[7] Flavonoids detected in sage 
extracts mainly belong to the group of flavones (luteolin 
and apigenin glycosides). From the group of flavones, 
apigenin and luteolin glycosides were present in all of our 
sage extracts. Luteolin-3-glucuronide ranged between 
634.50 (Brač) to 840 (Lošinj) mg/100 g dm. Sage extracts 
from Pag and Lošinj, contained higher amounts of this 
luteolin glycoside than those from Brač and Pirovac, but 
also other luteolin (6-hydroxyluteolin-7-glucoside, luteolin 
and their 7-glucuronide, 3-glucuronide, 7-glucoside) and 
apigenin (7-glucuronide, 7-glucoside) glycosides in our sage 
extracts. Growing area showed a significant impact on mass 
fraction of luteolin-3-glucuronide, with samples from Lošinj 
showing the highest mass fraction, and samples from Pag, 
Brač and Pirovac showing lower amounts (p ≤ 0.05) 
(Table 1). PCA showed significant variability in the mass 
fraction of apigenin and luteolin glycosides depending on 
the growing area. Obtained results are represented with 
81.60 % of the sum of variance (53.42 % and 28.18 % resp. 
Figure 3). It can be seen that growing area has a significant 
influence on the mass fraction of luteolin-3-glucuronide 
and apigenin-7-glucoside at the area of island Lošinj and 
Pag (Figure 3). 
 The presence of both compounds in sage leaves has 
been reported by different authors.[28-30] From the thirteen 
polyphenols identified, rosmarinic acid and luteolin-3-
glucuronide were the most abundant phenolic acid and 
flavonoid found in all the samples. Considering all the 
results, HPLC analysis showed that sage extracts do not 
differ in the composition of phenolic compounds 
depending on the growing area. Differences were observed 
in the mass fraction of individual phenolic acids and flavone 
glycosides within each sample by growing area. Differences 
in the yield of polyphenols could be explained by different 
environmental factors, such as growing conditions, 
harvesting, processing, among other factors that can 
directly interfere with the levels of polyphenols, which is in 
accordance with results of other authors.[4,19] Sage extracts 
possess significant antioxidant activities due to the high 
content of polyphenols,[2] especially caffeic acid derivates 
like rosmarinic acid as the most abundant phenolic acid in 
Salvia species.[7,12] Many studies on antioxidant compounds 
of the Lamiaceae family focus on phenolic diterpenes, 
flavonoids and phenolic acids.[7,9,28,30] and their 
biological activities including antioxidant, antitumor and 
antiviral activity.[8,14] 
 According to results shown in Table 1, it is evident 
that all extracts show good antioxidant properties, but 
there are no significant differences between growing areas. 
The results obtained from total and individual phenols and 
DPPH and FRAP assays show a high degree of correlation 
(Table 3). The highest correlation was observed between 
the total phenols, rosmarinic acid, hydroxycinnamic acids 
and luteolin-3-glcuronide with two applied assays, as well 





Figure 3. PCA loading plot and score plot of the different growing areas of sage (Salvia officinalis L.) (a) based on common 
flavone glycosides (6-hydroxsyluteolin-7-glucoside, luteolin-7-glucuronide, luteolin-7-glucoside, luteolin-3-glucuronide, 
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acid and luteolin-3-glucuronide. There was no significant 
correlation between hydroxybenzoic acids and total 
phenols, as well for the DPPH and FRAP assay. This is 
coherent with the results of the HPLC analysis (Table 2), 
which confirmed the presence of large amounts of strong 
antioxidants from caffeic acid derivates and luteolin 
glycosides, especially for Lošinj growing area. Samples from 
the Lošinj area gave the best results, which implies a higher 
free radical scavenging capacity of polyphenols present in 
this extract, and can be linked to the significantly higher 
content of rosmarinic acid and certain flavone glycosides. 
The high contents of polyphenols and a significant linear 
correlation between the values of concentration of 
polyphenols and antioxidant capacity indicate that these 
compounds contribute to the strong antioxidant capacity of 
plant extracts, which is in accord with other findings.[2,5,8,12] 
From the results obtained in this research, we can conclude 
that antioxidant capacity in sage extracts is significantly 
correlated with the amount of polyphenols in the 
growing area. 
 This study showed a significant variation between 
four growing areas in terms of total and individual 
polyphenols as well as in antioxidant capacity of sage. 
Furthermore, mass fraction of polyphenols in sage was 
significantly affected by the growing area. Even though 
these plants grow in similar growing areas, the differences 
detected in the amounts of polyphenols might be due to 
different bioclimatic parameters. The phenolic profiles of 
sage collected in the Mediterranean region of the Republic 
of Croatia suggest that the mass fraction of polyphenols are 
influenced by the local environmental growth conditions, 
and they could be considered as a promising growing area 
that could be exploited in obtaining natural antioxidants as 
an alternative to the synthetic ones. From a chemical and 
biodiversity perspective, sage from the Mediterranean part 
of the Republic of Croatia might be considered as a 
significant natural source of antioxidants for food de-
velopment. The results showed the importance of com-
paring and exploring of polyphenolic content and antioxi-
dant performance of sage growing in various regions, to 
select plants with optimal contents of polyphenols. 
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